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Abstract 


In the present article, we have proposed a new biodiversity index based on the standard deviation of the 
number of individuals belonging to a species in a collection of biological organisms of different species. 
Using this index of biodiversity, we have proposed an index for the measurement of evenness of the 
distribution of individuals among different species in the collection of organisms. Using a hypothetical 
dataset representing the distribution of individuals among six species, for six different samples, we have 
calculated the indices defined by us and compared their values with the values of Shannon-Wiener 
diversity index, Simpson diversity index and their corresponding evenness indices calculated from the 
same dataset. It is observed that, our new indices undergo much greater changes, compared to the 
changes of the most commonly used indices, due to any change in the relative proportions of species 
present in a sample. This observation indicates that any change in the number of organisms of a species, 
in an area or habitat, is better reflected in the values of these new indices. 
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1. Introduction 


The word biodiversity stands for the variety or 
diversity of biological species in the entire world 
or in a particular habitat. It represents variations 
in natural systems in terms of both number and 
frequency. The results of evolution for billions of 
years, processes 
influenced by humans, is what we observe as 


governed by natural and 
biodiversity. We are an integral part of the web of 
life generated and represented by biodiversity. 
According to a recent estimate there are 8.7 
million eukaryotic species in this planet of which 
2.2 million belong to the oceans [1]. Biodiversity 
has its greatest manifestation in the variety of 


ecosystems such as those we find in forests, 
deserts, mountains, wetlands, rivers, lakes and 
agricultural fields. A simple measure of the 
variety of species in any collection of living 
organisms is a parameter called species richness 
which stands for the total number of species 
found in the sample of interest. The number of 
individuals of a certain species present in the 
sample is called the species abundance of that 
species. If the value of this parameter is the same 
for all species in a sample, the diversity is 
regarded as the highest for the sample among all 
samples having the same species richness. If one 
or two species are represented by a huge number 
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of individuals in comparison to other species, the 
diversity is regarded as low in the sample of 
interest. Biodiversity does not have a uniform 
distribution on this planet. The diversity is found 
to be the highest in the tropics. The terrestrial 
biodiversity is found to be the largest near the 
equator, mainly due to the warm climate and high 
primary productivity [2, 3]. The highest marine 
biodiversity is observed along the coasts in the 
Western Pacific and in the mid-latitudinal band in 
all oceans, where the temperature of the sea 
surface remains the highest. The diversity of 
species shows a variation with latitude [4]. The 
areas where we witness the presence of endemic 
species (species which are observed only in a 
particular geographical region of the earth) with 
high concentrations are often designated as the 
biodiversity hotspots [5]. Diversity cannot go on 
increasing with time indefinitely in an area. The 
rate of increase of species richness is likely to 
in future [6]. 
biodiversity to be a representation of the variety 
of life and the processes it involves, it 
encompasses the variety of ecosystems, 
communities, living organisms and their genetic 
differences [7]. 


become smaller Considering 


Although species richness is a primary estimate 
of the variety of species in a given sample, it 
cannot alone be an accurate measure of 
biodiversity since it does not take into account 
the relative proportions of species in the sample. 
It needs to be combined with other measures to 
formulate a reliable index of diversity [8]. 
Another less obvious but equally important 
aspect is the distribution of individuals among 
different species in a collection of biological 
organisms (i.e., species equitability or evenness). 
During the last 50 years, several numerical 
indices have been proposed to quantify these two 
properties (diversity and evenness) of a sample. 
In scientific literature, one comes across lots of 
studies showing a number of methods or theories 
to measure biodiversity, based on various sets of 


data which have been collected by employing 
various techniques [9-12]. Although all indices 
are correlated and depend on the sample size (N), 
no single diversity index can adequately describe 
the population structure in all situations [13, 14]. 


In the present study, we propose a new index of 
(denoted by Kk) the 
corresponding index of evenness (denoted by 


biodiversity and 
Ex). For a hypothetical set of data regarding the 
populations of six biological species in six 
different samples, we have calculated these new 
indices and compared their values with those of 
some widely used indices based on the same 
dataset. An important observation is that the new 
indices are more sensitive than the indices which 
are commonly used, to any change in the 
composition of a sample. 


2. Some Commonly Used Indices 


One of the most widely used indices to measure 
biodiversity is Shannon-Wiener diversity index 
(H’), which is expressed as [15], 

H’ =- V2 plnp; (1) 


Nn; 


In equation (1), pj = i = oe is known as the 
U 


Yin? 

relative abundance of the i‘” species. S = total 
number of species present in a sample which is 
known as species richness. nj = number of 
organisms of the i°” species (known as species 
abundance) and N = );7_, n; = sample size (total 
number of organisms in the sample of all species 
combined). It can be shown that, when the 
number of individuals of each species in a sample 
is the same (i.e, ny =Nz =N3 =+ =Ns), H’ 
reaches its maximum value, i.e., H’ = H’ max = 
InS. The concept of H’ is based on information 
theory and it represents the uncertainty about the 
identity of an individual chosen randomly from 
the sample [16]. In a system which is highly 
diverse, an arbitrarily chosen individual can 
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belong to any species, reducing the predictability 
of its identity [15]. Some modified versions of 
Shannon-Wiener diversity index have recently 
been proposed and tested by some researchers 
[17, 18]. 


Apart from H’, a pair of very commonly used 
measures of diversity are Simpson’s diversity 
indices (denoted here by D, and D2), which are 
represented by the following equations [19, 20]. 


Dy =1-Yii wi? (2) 


1 


a 
Z vey Pi2 


(3) 


D, 1s the complement of Simpson’s original 
(Cee re ee eae the 
probability that two randomly chosen individuals 


index represents 
are of two different species [21]. Dz is the inverse 
of Simpson’s original index and closely related 
with D, [19]. Dz is more widely used among 
these two indices [16]. When the species have 
equal abundances (n;) in a sample, both D, and 
D, reach their maximum values, which are, 
Di max = 1 —1/S and D2, = 5S respectively. 
Here ¥3_,p;2 is known as dominance index, 
which can be regarded as a measure of 
dominance of one or more species among all 
species in a sample [22]. Its value is less affected 
or influenced by the existence of species with 
smaller values of the relative abundance (p;) in a 
sample. Augousti et al have recently proposed a 
new index whose value is close to Simpson index 
value for communities with large number of 
individuals and large number of species with 
equal relative abundance [23]. Zhou et al have 
shown how Simpson’s index can be used for the 
purpose of diversifying multi-aspect search 
results [24]. 


Evenness in a sample is a measure of the degree 
of closeness of the numbers of individuals 
belonging to different species. It is low when one 


or a few species dominate in the sample. A 
sample is said to have a high degree of evenness 
when the values of p; (relative abundance) for 
different species are sufficiently close to one 
another. To quantify the equitability of a 
distribution, different diversity indices (H’, Dj, 
Dz) are generally used, as they contain the 
components of richness and evenness inherently. 


An index of evenness, named Pielou’s index, is 
expressed by the following equation [25]. 


(4) 


Another such index, named Buzas & Gibson’s 
evenness, is defined as [26], 
a 


e 


Egg = (5) 


eH’max Ss 


Using Simpson’s diversity index D,, one may 
define the following index (Es, ) for evenness. 


S 
= 1-YP-4 Di? 
1-1/S 


Dy 


Es = (6) 


Dimax 


In terms of another Simpson’s index (1.e., D2), an 
evenness index (F<) is expressed as [20], 


(7) 


For each of the above evenness indices (eqns. 4- 
7), the maximum value is 1. 


For a simple estimate of diversity based on 
species richness (S), one often uses Margalef 
index, which is expressed as [27], 

Ding = (S- 1) /In() (8) 
Another such index, having a linear relationship 
with S, is Menhinick index (D,,,) [28]. It is given 
by, 
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(9) 


Dmg and Dm» cannot properly quantify diversity 
because they are independent of p; for different 
species in a sample. For a fixed combination of 
values of S and N, 
combinations of p; values in a sample. Thus, for 


there can be _ several 


samples with the same values of S and N, the 
values of Ding (or Din) are the same. 


In an article by Mulya et al, one gets a detailed 
comparative study of some widely used diversity 
indices [29]. Detailed information regarding the 
research on biodiversity conservation can be 
obtained from an article by Jurkus ef al [30]. 


3. New Indices of Biodiversity and 
Evenness Proposed in the Present Study 


We propose a new biodiversity index (K), 
represented by the following equation. 


_ § 
1+0n 


(10) 


In equation (10), o, is the standard deviation of 
the values of n; (species abundance) which 
stands for the number of individuals of the i 
species in a sample. If the species in a sample are 
present in equal numbers, we have o, = 0, 
leading to K = Kyax = S. 


The standard deviation (0,) of the species 
abundance (n;) values is expressed as, 


on = AEE - 7)? 


where 7 is the mean of the n; values, which is 


(11) 


expressed as, 


1 


A=+y5_.n, =" 
n=shiety => 


(12) 


Substituting equation (11) into equation (10), we 
get, 


S 


1+ 2%, @u-7y? 


According to equation (10), if S is kept fixed, our 


K= (13) 


proposed diversity index (K) decreases as dp 
increases. For a fixed value of the standard 
deviation (0,,), K increases linearly with S. These 
observations regarding K are consistent with the 
characteristics of the most commonly used 
indices of biodiversity, as discussed in Section-2 
of this article. 

Based on our new diversity index (K), we 
propose the following evenness index (F,) for a 
distribution of 
species in a sample. 


individuals among different 


K K 
Using equation (10) in equation (14), we get, 
Ex =— (15) 


- 1+0n 


Substituting equation (11) into equation (15), we 
get, 


1 


1+ [EDS (nia)? 


Thus, the maximum value of evenness (Ex) is | 


Ex = (16) 


(corresponding to 0, = 0), just like the indices 
expressed by equations (4-7). It varies in the 
range expressed as,0 < Ex <1. 


The relation pj =n;/N leads to the expression 
Op = On/N, where dy is the standard deviation of 
the p; values in a sample. In terms of 0,, our new 
indices can be represented by the following 
expressions (eqns. 17, 18). 
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= S 
1+Noy 


(17) 


= 1 
1+Nop 


Ex (18) 


The standard deviation of the p; values (i.¢., o)) 
can be easily calculated using the information 


regarding the proportions of different species in 
the sample of interest, using the formula 0, = 


= — p)* where p denotes the mean of 


ans tl 
the p; values, expressed as, p = ed jaite For a 
fixed set of values of S and N, K decreases as o, 
increases, as per equation (17). 


The ratio o,/n is called the coefficient of 
variation (Cy) in statistical parlance. Thus, we 
can write, 0, =nCy =NC,/S since n=N/S. 
Cy is a measure of variation in the values of n; 
relative to their mean (7). In terms of Cy, our new 
indices can be represented by the following 
expressions (eqns. 19, 20). 


s 

Kee (19) 
1 

K  44NCy/S (20) 


According to equations (19) and (20), the new 
indices (K & Ex) are functions of N (sample 
size), S (species richness) and Cy (coefficient of 
variation) for the population of a sample. These 
expressions are expected to be useful for a 
statistical analysis based on the values of K and 
Ex calculated for different communities of 
organisms in any part of the globe. 


4. Results and Discussion 
For the evaluation of indices discussed in the 


present study, we have used a_ hypothetical 
dataset (represented by Table 1) regarding the 


populations of six species, in each of the six 
different samples. 


Species Sample No. 
Abundance 

I II Il IV Vv VI 
(nj) 
ny el ee ad ee 
iis Gi lise 1 
N3 6) Fae ou) aor | a 
Ns onl el ee a 1 
Ns 6) Feo] ae | 
ie el seer ieaes Iai 1 


Table 1 A hypothetical dataset for 6 samples, 
each with N = 36 and S = 6. 


The values of various indices of biodiversity, 
based on the data in Table 1, have been listed in 
Table 2. The values of several evenness indices, 
based on the data in Table 1, have been listed in 


Diversity Sample No. 

Indices I I Ill IV Vv VI 
H’ 1.792 | 1.778 | 1.735 | 1.661 | 1.549 | 1.385 
dD, 0.833 | 0.829 | 0.815 | 0.792 | 0.759 | 0.718 
D, 6.000 | 5.838 | 5.400 | 4.800 | 4.154 | 3.541 
K 6.000 | 3.000 | 2.000 | 1.500 | 1.200 | 1.000 
Table 2 Values of diversity indices based on the 

data of Table 1. 

Evenness Sample No. 

Indices | I} I Il IV Vv VI 
Ep 1 | 0.992 | 0.968 | 0.927 | 0.865 | 0.773 
Exe 1 | 0.986 | 0.945 | 0.877 | 0.785 | 0.666 
E54 1 | 0.994 | 0.978 | 0.950 | 0.911 | 0.861 
Eso 1 | 0.973 | 0.900 | 0.800 | 0.692 | 0.590 
Ex 1 | 0.500 | 0.333 | 0.250 | 0.200 | 0.167 


Table 3 Values of evenness indices based on the 
data of Table 1. 


Table 3. Calculations of all these indices have 
been carried out using their definitions given in 
Sections-2 & 3 of this article. The total number of 
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organisms (N) in each of the six samples is 36. 
Their distribution (among six species) is not the 
same in any two of these six samples. 


As we move across Table 1 from left to right 
(i.e., from Sample-I to Sample-VI), the 
uniformity of distribution of individuals among 
different species decreases, increasing both op 


and dy. 


In Table 2, each of the four diversity indices is 
found to decrease in the direction in which the 
uniformity of distribution decreases (i.e., in the 
direction from Sample-I to Sample-VI). 


In Table 3, the value of each of the five evenness 
indices is found to decrease (from 1 to gradually 
smaller values) in the direction in which the 
uniformity of distribution decreases (i.e., in the 
direction from Sample-I to Sample-VI). 


The values of the indices proposed by us, for 
diversity and evenness measurement (1.e., K & Ex 
respectively), are found to be reduced by a 
sufficiently greater amount, compared to changes 
in the other indices, as the distribution of 
individuals changes from one sample to another 
in the direction from left to right. 


6 
5 
md 
a 3 
= 
2 
nee 
PT dd 
1 2 3 4 5 6 
K 
Figure 1 _ Plots of different biodiversity 


indices versus the new diversity index (K). 


Figure 2 _ Plots of different evenness indices 


versus the new evenness index (Ex). 


It should be noted in this context that, if we 
reshuffle the values of n; along any column in 
Table 1, the values of the indices (as listed in 
Tables 2 & 3), corresponding to the sample 
represented by that column, won’t change, in 
accordance with the mathematical expressions for 
these indices given in Sections-2 & 3 of this 
article. 


The values of Dyg and Dmy are 1.395 and 1, 
respectively, for all samples considered here. 


To compare the variations of different indices 


pictorially, due to changes in sample 
composition, we have plotted the most commonly 
used indices graphically against the newly 


proposed ones. 


the of three 
biodiversity indices with respect to the new 


Figure 1 shows variations 
diversity index K. Figure 2 shows the variations 
of four evenness indices with respect to the new 
evenness index Ex. These two figures are based 
on Tables 2 & 3 respectively. It is evident that, 
the changes in the new indices (K & E;,), due to 
the changes in species abundance (n;), are 
accompanied by changes the 
commonly used indices. It is observed that, the 


smaller in 
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rate of change of any of these indices, with 
respect to a new index, is smaller for higher 
values of the new index (indicating higher 
diversity). 


To control the sensitivity of our proposed indices 
to the changes in sample compositions, one may 
put an arbitrary parameter (say, ff) in their 


: 5 
expressions such that, K =——— and Ex = 
1+B n 


He where 8 > 0. By tuning this parameter (f), 


the sensitivity of these indices (to the changes in 
0,) can be altered. For the results shown in 
Tables 2 & 3, we have B = 1. The difference in 
the values of K and Ex, between Sample-I and 
Sample-VI, are 5 and 0.833 respectively for B = 
1. For 6 = 2, these values are 5.455 and 0.909 
respectively. For 6 = 3, these values are 5.625 
and 0.937 respectively. These results show that, if 
B is increased, the indices (K & Ex) undergo 
greater changes as we change the uniformity of 
the distribution of individuals among different 
species in a sample. 


There are six species in each sample used for the 
present study. We have no specific reason for 
choosing this particular number. For the purpose 
of a proper comparison of values of different 
indices, we chose to calculate them for samples 
having the same population (N) and the same 
(S), but with different 
Our 
objective was to find the effect of variation of p; 


number of species 
proportions (p;) of individual species. 


values upon different indices of biodiversity and 
evenness. According to some studies, the species 
richness (S) depends upon the total number of 
individuals (N) in a sample, especially for small 
values of N [31, 32]. As a future extension of this 
work, one may examine the changes of the values 
of K and Ex as the sample size (N) varies. 


5. Conclusion 


In the present study, we have defined a new index 
(K) to measure biodiversity and a corresponding 
evenness index (E;) to determine the equitability 
of the distribution of organisms among different 
species in a sample. These indices (represented 
by eqns. 10 and 15 respectively) are sufficiently 
easy to calculate. The characteristics of the new 
indices have been determined using a set of 
hypothetically constructed samples with the same 
sample size (N) and species richness (S). It is 
observed that, these new indices are more 
sensitive to changes in n; (species abundance) 
values of the species in a community, in 
comparison to some commonly used indices 


(such as Shannon-Wiener diversity index, 
Simpson’s diversity index and __ their 
corresponding evenness indices). Graphical 


depiction of the variations of different indices 
also conveys the Loss of 
organisms of any species is expected, therefore, 


same message. 


to be better reflected in the values of the new 
indices proposed here. It has been shown that 
these indices can be represented in a different 
way in terms of species richness (S), sample size 
(N) and coefficient of variation (Cy) which can 
be easily determined using the population 
statistics of different species in a sample. These 
indices can also be expressed as functions of the 
relative abundance (p;) values like the commonly 
used indices. 
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